Erodium glaucophyllum collected from Tunisian Sahara was never presented in the relevant literature yet. On this study, the phytochemical profiles, chemical compositions, antioxidant and antimicrobial activities, and Kill-time assay of the hydroalcoholic extract of flowers and leaves were investigated. The highest content in phenols, flavonoids and tannins was shown in flowers extract (350 ± 5 mg GAE/g, 34 ± 1 mg QE/g and 221.8 ± 0.0 mg β-carotene E/g, respectively). The carotenoids amount in leaves was about 6-fold higher than it's in flowers. Conducted LC/MS analysis revealed the presence of 17 compounds in flowers and leaves extract with the main were quinic acid and naringin followed by rutin, hyperoside, gallic acid and Apegenin-7-oglucoside. Flowers and leaves extracts showed a powerful antimicrobial effect against all strains and the most observed effect was shown with Gram negative bacteria. Time kill kinetics endorses the effectiveness of both extracts to possess bactericidal effect at a concentration less than 2 MOC. Results of both organs open a new promising way for the development of antioxidant and antimicrobial agents for food preservatives against food deterioration.
Introduction
Recently, investigation of natural products for the discovery of active compounds has also developed in finding natural occurring antioxidants for use in foods to replace synthetic antioxidants and antimicrobial agent due to their carcinogenicity (Ddeja et al., 2016) . Therefore, many desert plants constitute a valuable reserve of new functional compound useful in dietetic foods and pharmaceutical industries. The great diversity of climatic conditions in Tunisia, its dual nature, Mediterranean and African Sahara, gives them a place of choice for the development of a rich and varied flora including great potential aromatic and medicinal plants. Among these plants, Geraniaceae family comprised approximately between 750 and 800 species (Spichiger et al., 2002) . Many different authors investigated the chemical content of this family with other Saharian plants species (Bicha et al., 2013; Haddouchi et al., 2016) .
The genus Erodium (Geraniaceae) includes 74 species (Keshavarzi et al., 2016) . Despite the well-known uses of E. glaucophyllum specie from the Tunisian Sahara called Tamir, Murrar and Dahma (Gohar et al., 2003) , still scientific investigation is lacking till now. Ot was never analyzed for its chemical contents able to protect human health.
This study was designed to evaluate and compare two extracts from different plant organs: flowers and leaves of E. glaucophyllum separately, extracted in terms of their total phenolic (TPC), flavonoids (TFC), condensed tannins (TCT) and carotenoids (TCC). Till now, there are no reports emphases on chemical composition with their biological activities. For this reason, antioxidant and antimicrobial activities and Kill-time assay were evaluated and extracts compositions were analyzed by LC/MS analysis.
Materials and methods

Plant material
Erodium glaucophyllum was collected at the flowering stage March-April (2014) probably at 80 Km from Medenine town in the south of Tunisia. The plant specimen was identified by a recognized botanist. Ot was deposited at the local herbarium of the biology department of the faculty of Sciences, Sfax, Tunisia.
Sample preparation
Flowering aerial parts (Flowers and Leaves) were air-dried in shade at ambient temperature (20-22°C) until constant weight (about 20 days). Then, the dried plant materials were coarsely crushed with mortar, grounded in powder with a Moulinex coffee mill (Moulinex, Sfax, Tunisia) and finally stored at 4°C until analysis.
Standards and reagents
Folin-Ciocalteu reagent, Na 2 CD 3 , 2,2-Diphenyl-1-picrylhydrazyl (DPPH), β-carotene, ascorbic acid, trichloride ammonium (AlCl 3 ), gallic acid, Vanillin, Catechin, ABTS .+ , Trolox, potassium persulfate (K 2 S 2 D 8 ), C 2 H 3 NaD 2 .3H 2 D, C 2 H 4 D 2 , TPTZ (2, 4, 6-tripyridyl-s-triazine), FeCl 3 .6H 2 D, quercetin, and solvents used for analyses and partitions were all purchased from Sigma-Aldrich (Sigma-Aldrich, France). Spectrophotometric measurements were performed on a double-beam UV-VOS spectrophotometer. For antimicrobial tests, dimethyl sulfoxide (DMSD) was purchased from Sigma (Sigma-Aldrich, France), Mueller Hinton Agar (MHA) and Potato Dextrose Agar (PDA) were purchased from Bio-Rad (Bio-Rad, France).
Preparation of the hydroalcoholic extracts
Hydroalcoholic extraction was performed by stirring the plant material (1g) with 30 mL of methanol/water (80:20, v/v) at 25 °C and centrifugated at 150 g for 1 h and subsequently filtered through Whatman Grade 4 paper. The residue was then extracted with one additional 30 mL portion of the hydroalcoholic mixture. The combined extracts were evaporated at 35 °C under reduced pressure (rotary evaporator Büchi R-210, Flawil, Switzerland) and then frozen and lyophilized.
Determination of total phenolic, flavonoid, condensed Tannin and carotenoid contents
The total phenolic, flavonoïd and tannins contents of the hydroalcoholic extracts were quantified by spectrophotometric (Thermo Fisher Scientific, Genesys, Madison, USA) measurement of the absorbance according to the Folin Ciocalteu, using the aluminum chloride and by the vanillin methods, respectively, as reported by Bakari et al. (2015) . Furthermore, the total content of carotenoids in extracts was determined according to the method described by Belhaj et al. (2016) .
2.6 Antioxidant activity: DPPH free radical scavenging activity, Ferric-reducing antioxidant power (FRAP) and Scavenging activity of ABTS
• + free radical
The antioxidant capacity of E. glaucophyllum extracts tested using DPPH free radical scavenging and Ferric-reducing power (FRAP) were evaluated by the method described by Cheurfa & Allem (2016) . Total antioxidant activity of hydroalcoholic flowers and leaves extracts was measured in vitro with ABTS assay, and this procedure followed the method described by Ben Nejma et al. (2017) with slight modifications. Each method was replicated three times.
LC/MS analysis
The separation of phenolics was performed with a Shimadzu LC-MS 2020 system equipped with an online degasser (DGU-20A3R), a two binary pump (LC-20ADXR), an autosampler (SOL-20AXR), a column heater (CTD-20AC) and a diode array detector (SPD-M20A). Onstrument control and data analysis was carried out using Shimadzu absolution V5.42 SP6 edition through Windows XP. The chromatographic separation was performed using an AQUASOL C 18 analytical column (150 mm x 3 mm x 3 µm particle size). Used as a stationary phase at 40°C as temperature. The mobile phase consisted of methanol with formic Acid (0.1 mL/100 mL methanol) (solvent B) and water with formic Acid as solvent A (0.1 mL/100 mL water). The flow rate was kept at 0.4 mL/min. The gradient elution started with 90% A/10% B 0-45 min, 100% B 45-55 min, 90% A/10% B 55-55.1 min, 90% A/10% B 55.1-60 min. Photodiode array detector was set at 350 nm for acquiring chromatograms. The injection volume was 20 μL and peaks were monitored at 250 nm. Peak identification was obtained by comparing the retention time and the UV spectra of the fraction phenolic chromatogram with those of pure standards which were purchased from Sigma Aldrich and LGC standards.
Mass spectrometric analysis was performed on a Shimadzu mass spectrometer. Mass spectra data were recorded on an ionization mode for a mass range of m/z 50-1500. Dther mass spectrometer conditions were as follows: nebulizing gas pressure: 40 psi; drying gas flow: 12L/min; drying gas temperature: 400 °C; nebulizing gas flow: 1.5 L/min. The specific negative ionization modes (m/z [M-H] - ) were used to analyze the compounds.
Antimicrobial screening
The screening of antibacterial activities of hydroalcoholic extracts of E. glaucophyllum was conducted against 8 strains of bacteria including Gram positive bacteria, such as, Bacillus cereus JN 934390, Bacillus subtilis JN 934392, Staphylococcus aureus ATCC 6538, Micrococcus luteus, Enterococcus faecalis, and Gram-negative bacteria as Salmonella enteric serotype enteritidis ATCC43972, Escherichia coli ATCC 25922, and Klebsiella pneumoniae. Antifungal activities were tested using three fungal strains: Fusarium sp. JX391934, Fusarium oxysporum AB586994 and Pythium catenulatum AY598675.
The antimicrobial activity was evaluated by measuring the inhibition zone diameter (OZD), minimum inhibitory concentration (MOC), minimum bactericidal concentration (MBC) and minimum fungicidal concentration (MFC), using a slight modified method as previously described by Daoud et al. (2015) . 40 mL the used agar was poured into petri dishes. After solidification, 150 mL of the bacterial suspension were speared on the surface. After 5 min of contact, wells of 6 mm of diameter were excavated in the agar and each well was filled with 80 µL of each extract (75mg/mL). Finally, the petri dishes were incubated in an oven at 37 °C for 48h.
Analysis of the Kill-time
The Kill-time assay is used to determine the bactericidal or bacteriostatic activity of antimicrobials. Time-kill curve analyses were performed using the same method as described by our laboratory (Bakari et al., 2016) . Each experiment is carried out three times.
Statistical analysis
All assays were carried out in triplicates and results were reported as mean ± standard error. The statistical significance between phenolic content and antioxidant activities values of the extract was evaluated with one-way ANDVA followed by LSD test. P values less than 0.05 were considered to be statistically significant.
Results and discussions
Extraction yield
Extraction yields of E. glaucophyllum are given in Table 1 . After hydroalcoholic extraction, leaves provided higher yield (23.1%) than the flowers (22.4%). The lower variation in the yields of both organs might be ascribed to the different availability of extractable components, resulting from the different chemical composition of plants. There are no studies in the literatures concerning yields or any data concerning E. glaucophyllum flowers and leaf extracts.
Total phenolics, flavonoids, condensed tannins and carotenoids contents
The selection of extraction conditions is very important when we research natural phenolic compounds (Felhi et al., 2017) . All amounts were reported in Table 1 and values showed great variations in various parts of the studied plant. The leaves extract exhibited the highest level of TPC (378 ± 7 GAE mg/g) as compared to flowers extract (350 ± 5 GAE mg/g). The above results showed that both organs contained a considerable amount of TPC. The TFC level was about 1.2 times more abundant in flowers (34 ± 1 mg QE/g) than in leaves (27 ± 1 mg QE/g). The TCT were more found in both leaves and flowers extract (221.8 ± 0.0 against 203.2 ± 0.1 mg CATE/g). TCC were less found in flowers (3.2 ± 0.7 mg β-carotene E/g) as compared to leaves (26.5 ± 1.0 mg β-carotene E/g). Despite the difference in metabolites and the lower amount of carotenoids found in the hydroalcoholic flower extract, E. glaucophyllum parts were strongly rich in secondary metabolites such as condensed tannins which present almost more than 50% of the total polyphenolics found in flowers and leaves. A significant difference, at a level p < 0.05 between the flowers and leaves extracts in the total phenolics, flavonoids, condensed tannins and carotenoids assays, was observed. The present results are in agreement with the previous ones which not only confirm that one of the most effective solvents to obtain phenolics was alcohol such as methanol and ethanol but also clarified that the part screening (leaves and flowers) of the selected species can determine the extraction capacity of phenolic compounds.
The results strongly show that phenolics are important components of this plant, and due to the presence of these valuable constituents, it can have some pharmacological effects or/and can be beneficial for human consumption.
Liquid chromatography coupled to mass spectrometry (LC/MS)
The present study is the first to investigate and identify phenolic compounds of E. glaucophyllum extract from Tunisian Sahara. The LC/MS analysis enabled us to identify 17 phenolic compounds in E. glaucophyllum leaves and flowers extracts separately (Table 2) , including 7 phenolic acids: quinic acid, gallic acid, caffeic acid, protocatchuic acid, p-coumaric acid, trans frulic acid and 4,5-di-D-caffeoyquinic acid, and 10 flavonoids: naringin, rutin, hyperoside, quercetin, apegenin-7-o-glucoside, naringenin, luteolin, apergenin, cirsitineol and acacetin.
The predominant compounds of E. glaucophyllum flowers extract were: quinic acid (Rt=1.7 min) at m/z=191, naringin (Rt=23.6 min) at m/z=579.0, rutin (Rt=21.8 min) at m/z=609, hyperoside (Rt=22.6min) at m/z=463, gallic acid (Rt=2.8 min) at m/z=169 and Apegenin-7-o-glucoside (Rt=28.4 min) at m/z=431. Concentrations of these phenolic acids ranged from 6509.1 to 0.2 mg/kg ( Table 2 ). The phytochemical characteristics of E. glaucophyllum leaves extract proved to be very similar to flowers. However, Concentrations of these phenolic acids in leaves differ from those in flowers; They ranged from 5940.0 to 0.1 mg/kg. Dverall, LC/MS analysis reflects identical phenolic profile of both organs. Ot is interesting to note that there are numerous components such as luteolin, quercetin, frulic and caffeic acids found at lower concentrations in both flowers and leaves of E. glaucophyllum.
Previous studies have demonstrated that flavonoids and phenolic acids possess high biological and pharmacological activities (Santos et al., 2016) . Park et al., 2016 suggest that hyperoside is one of the phenolic compounds that contribute to the antibacterial and anti-inflammatory proprieties of plants. Also, ferulic acid reacts as a natural protector against ultra-violet radiation known to cause skin disorders such as cancer and acceleration of skin aging. Rutin and gallic acid also help to strengthen veins and to inhibit the formation of amyloid fibrils, the principal causes of Alzheimer's diseases, respectively (Singh et al., 2017) .
Phenolic acids, including caffeic and ferulic acids, not only associate with health benefits, but also extend shelf life by avoiding oxidative deterioration of food and by helping to maintain food colours, flavours and nutritional values. Thus, such natural sources of medicinal compounds are useful in pharmaceutics as well as in food industries (Shahidi & Ambigaipalan, 2015; Ayoub et al., 2016) .
Antioxidant activity
Antioxidant properties of different plant extracts and pure compounds can be evaluated using various in vitro assays. On this study, 2,2 -diphenyl-1-picrylhydrazyl (DPPH), Ferric Reducing Antioxidant Power (FRAP) assay and ABTS method were used for evaluating the ability of samples for scavenging free radicals.
DPPH assay
The scavenging ability of the E. glaucophyllum extracts samples (leaves and flowers) on DPPH free radical was shown in Table 1 . The results showed a dose dependent scavenging power. Especially, the scavenging ability of E. glaucophyllum flowers extract increased from 25.2 ± 1.9% to 91.9 ± 0.1% indicating that it has generally better scavenging ability.
As shown, the lower the OC 50 values are, the higher the antioxidant capacity of the flowers and leaves extracts become. With reference to the positive control ascorbic acid, the results revealed that both extracts have very notable antioxidant capacity. We also observed that flowers extract exhibited more potent antioxidant activity than leaves extract, and this was justified by the DPPH . test (OC 50 =38.8 ± 0.2 µg/mL, approximately three times lower than standard). Positive correlation was observed between DPPH assay and phenolic compounds for both flowers and leaves extracts, with a high level of significance (p < 0.05). This correlation indicated that the richness in phenolic compounds enhances the antioxidant activity of the plant extract.
Usually, higher total phenol and flavonoids contents lead to better DPPH scavenging activity (Kadri et al., 2011; Felhi et al., 2016) . As known, polyphenols have a metal chelating potential and their redox properties can be justified by their chemical structure (Li et al., 2008; Schvab et al., 2015) . For this reason, the high polyphenolic content in both extracts of E. glaucophyllum may explain the high antioxidant activity of hydroalcoholic extracts.
Scavenging activity of ABTS • + free radical
The principal objective of this test is to measure the capacity of different substances to scavenge the ABTS .+ radical cation. Antioxidant capacities were expressed by OC 50 values, indicating the concentrations of extracts scavenge 50% of ABTS .+ radical.
Table 2. LC/MS characteristics of phenolic compounds in hydroalcoholic extracts of Erodium glaucophyllum flowers Eg(F) and leaves E.g (L)
. Compounds listed in order of retention time; Rt= retention time (as min).
As shown in Table 1 , the OC 50 values of the ABTS • + radical scavenging activity were 925.0 ± 0.7 and 1054.0 ± 0.0 µg/mL for both flowers and leaves extracts, respectively. Comparing these values with standard (Trolox OC 50 = 430.0 ± 0.1 µg/mL), it is obvious that tested samples are effective to provide their capacity to scavenge the ABTS .+ radical cation at low concentration.
Extracts from flowers and leaves from E. glaucophyllum revealed a high significance level (p < 0.05) between ABTS
• + radical and TPC. The positive and significant correlation between TPC and ABTS antioxidant activity strengthens the results observed in the DPPH . scavenging method used in this study.
This investigation confirms the hypothesis that an increase in total phenolic compounds will increase the antioxidant activity of extracts which has been previously reported .
Reducing power: FRAP assay
Ferric Reducing Antioxidant Power (FRAP) assay is a quantitative assay for measuring the antioxidant potential within a sample. Ferric iron (Fe 3+ ) is reduced, by electron-donating antioxidants present in the extracts, to its ferrous form (Fe 2+ ). The iron colorimetric probe complex develops a dark blue color product upon reduction. This assay is used to evaluate the capacity of natural antioxidant to donate an electron or hydrogen (Khled khoudja et al., 2014) .
Results of reducing power showed that the antioxidants present in the sample reduce the ferric complex Fe 3+ into ferrous Fe 2+ form. The reducing power was expressed as EC 50 (effective concentration at which the absorbance is 0.5). The results depicted in Table 1 revealed that flowers hydroalcoholic extract exhibited the potent activity (EC 50 =89 ± 1 µg/mL) followed by leaves hydroalcoholic extract (EC 50 =111.1 ± 0.1 µg/mL) and the standard ascorbic acid (EC 50 =114.5 ± 0.7 µg/mL). Therefore, this study showed that the high levels of phenolic acid compounds found in flowers are the dominant contributors to the antioxidant activity.
The significant correlation between FRAP assay and total phenolic compounds (r 2 =0.9 and p<0.05) supports and confirms that a potent antioxidant activity might be linked to the important amount of polyphenols in extracts and this reinforces the results observed in the DPPH and ABTS methods used in the current study.
On this study, according to the statistical analysis, good correlations (r 2 ) were found between antioxidant assays and phenolics: FRAP vs TPC with 0.6≤r 2 ≤0.9, ABTS vs TPC with r 2 =0.9 and a similar strong correlation was also observed between FRAP, DPPH and ABTS vs TCT with r 2 =0.9. We noticed that when both flowers and leaves of E. glaucophyllum were comparatively analyzed statistically, the correlation coefficients-among their antioxidant activities based on DPPH, ABTS and FRAP assays -were positively high.
The present findings were in agreement with those of Felhi et al. (2016) , which reported a positive correlation between TPC, TFC and TTC. Antioxidant assays indicated that phenolic compounds are often associated with their redox properties, which allow them to act as reducing agents.
Some flavonoids, found in flowers and leaves of E. glaucophyllum, have shown many bioactivities as reported in previous studies and this may explain the potent activity of those extracts. Phenolic acids have considerable interest in the field of food chemistry and medicine because of their promising antioxidant potential (Yasir et al., 2016) .
Antimicrobial activity
The antimicrobial activity of E. glaucophyllum leaves and flowers extracts was evaluated according to their OZD, MOC, MBC and MFC values against various strains and the results were compared with the activity of the standards. The obtained results revealed that E. glaucophyllum flowers extract ranged from 15.2 ± 0.2 mm for S. aureus and B. subtilis to 32.2 ± 0.2 mm for S. Enteritidis. With reference to antibacterial control Chloramphenicol value 16.0 mm flowers extract indicated a powerful effect. Similarly, E. glaucophyllum leaves recorded a large inhibition zones against tested bacteria ranging from 15.2 ± 0.3 mm for M. luteus to 28.2 ± 0.3 for S. Enteritidis (Table 3) . The above results indicated that hydroalcoholic flowers extract of E. glaucophyllum plant exhibited a great antibacterial activity against Gram positive bacteria as well as a greater effect on Gram negative bacteria with the order S. enteritidis>K. pneumoniae>E.coli. Among all bacterial strains, Gram negative bacteria are more susceptible than Gram positive bacteria where S. Enteritidis demonstrated the highest inhibition for flowers and leaves. The differential sensitivity of Gram positive and Gram negative bacteria to plant extracts may be explained by the morphological differences between the microorganisms (Malanovic & Lohner, 2016) . The data are expressed as mean ± S.D. (n=3); * OZD is Onhibition zone diameter of extract including diameter of well 6 mm.
Tested against three fungal species Penicillium sp., Fusarium sp. and F. oxysporum, the antifungal activity varied greatly and the highest activity was ascribed to F. oxysporum (24 ± 2 mm and 19 ± 1 mm) for both flowers and leaves respectively (Table 3) .
The difference in the antimicrobial effects of the investigated parts of this plant species may be due to the phytochemical properties and various contents.
As illustrated in Table 4 , the hydroalcoholic extracts of the flowers and leaves of the selected plant exhibited antibacterial activity against all bacteria with MOC and MBC values of 0.7-100 mg/mL. The majority of bacterial strains tested were more susceptible to flowers extract compared to leaves extract. The MOC (1.5 mg/mL) and MBC (3.1 mg/mL) values of flowers extract illustrated the powerful inhibition growth of S. enteritidis.
Regarding fungal activity, F. oxysporum represents the almost susceptible species to extracts (1.5 mg/mL and 3.1 mg/mL for flowers and leaves extracts, respectively). Onterestingly, the results showed a significant inhibition activity of E. glaucophyllum extracts against F. oxysporum. The results of this study (Table 4) showed that MOC values of both flowers and leaves hydroalcoholic extract were lower than the MBC values indicating that the plant extracts were bacteriostatic at lower concentration but bactericidal at higher concentration.
The presence of higher concentration of active compounds such as phenolics and tannins could be related to the antimicrobial effect (Giteru et al., 2015) . Heleno et al. (2015) reported that phenolic acids such as protocatechuic, vanillic ferulic and caffeic acids could be used as antimicrobial agents because of the presence of carboxylic acid (CDDH), two hydroxyl (DH) groups in para and ortho positions of the benzene ring and also a methoxyl (DCH 3 ) group in the meta position.
These findings are novel to the best of our knowledge and in agreement, to a certain degree, with the traditional uses of E. glaucophyllum. Accordingly, it could be considered a promising candidate for application as natural preservative additive in various foods and it could be considered as one of the sources of natural antibiotics for medicinal uses, too.
Kill-time analysis
The time-kill profile on E. glaucophyllum flowers and leaves hydroalcoholic extracts is reported for the first time in this study. Therefore, their bactericidal or bacteriostatic potency on S. enteritidis was investigated to confirm its effect and clarify its mechanism of action. The results are summarized in Figure 1 and Figure 2 and are expressed in terms of the logCFU/mL over 60.
As depicted in Figure 1 , the treatment of S. enteritidis with 1MOC (1.5 mg/mL) of flower extract decreased the number of viable cells from 6.4 to 1.8 log CFU/mL over 60 min. Oncubating the bacteria at 2 MOC (3.1 mg/mL), 4 MOC (6.2 mg/mL) and 8 MOC (12.5 mg/mL), respectively, no viable cells were observed after 5 min. This means that the bactericidal concentration of flower extract needed to kill S. enteritidis should be less than 2 MOC. Leaves extract (Figure 2 ) also showed a reduction in the number of viable cells from 4.6 to 2.9 log CFU/mL within 60 min after the addition of 1.5 mg/mL (1MOC) of extract and displayed bactericidal effects. Addition of higher concentrations of 2 MOC, 4 MOC and 8 MOC completely killed S. enteritidis at 5, 10 and 60 mn, respectively. As a consequence, also for leaves, the bactericidal concentration required to kill S. enteritidis should be less than 2MOC.
Therefore, both hydroalcoholic extracts of E. glaucophyllum can be used as a good inhibitor of food microbial growth and as conservation agent.
Conclusion
This work emphasizes the significant difference in chemical composition between the two organs, flowers and leaves and their significant influence on biological activities. The concentrations of phenolic and carotenoids were determined to be higher in leaves; however flavonoids and tannins were much more abundant in flowers. Both extracts are endowed with potent antioxidant and antimicrobial activities, especially flowers extract. Seventeen phenolic acids were present in higher concentrations in the chromatographic profile of the extracts, with quinic acid and naringin were found in a highest level. On summary, findings reported that E. glaucophyllum could be a natural source of polyphenols compounds with antioxidant and antimicrobial properties.
Ot will be interesting to draw attention to in vivo tests, to identify and purify phenolic compounds and to confirm the beneficial quality of this Saharian plant. Based on LC/MS analysis and assessment of biological activities, both plant extracts can serve as ingredients of functional foods or may safely be used in pharmaceuticals for treatment of many diseases. Further investigation on the potential of these extract and their interactions with components of food matrices are of good interest.
